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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
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NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 
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For IMAGE SENSING APPARATUS AND METHOD USING 



Mail Stop - Issue Fee 

Commissioner for Patents 

P.O. Box 1450 
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This is an amendment after notice of allowance under 37 C.F.R. § 1.3 12. This 
paper is set forth as follows: 

Amendments to the Claims are reflected in the listing of claims, which begin on 
Page 2 of this paper 

Remarks begin on Page 8 of this paper. 
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) U.S. Serial No. 10/648,916 

I Amendment Under 37 C.F.R. § 1.312 



Docket No. 1232-5125 



AMENDMENTS TO THE CLAIMS 

The following listing of claims replaces all previous claim listings. 

Listing of claims: 

^(previously presented): A radiation image sensing apparatus for sensing a 
radiation by a sensing unit and outputting an electric signal corresponding to the 
sensed radiation, wherein said sensing unit comprising: 
a substrate; 

a conversion section arranged on said substrate and, configured to have a 
first semiconductor conversion element for converting the radiation into an 
electrical signal and a switch element connected to the first semiconductor 
conversion element, for switching the electrical signal; and 

a second semiconductor conversion element arranged on said substrate, 
configured to convert the radiation into an electrical signal for detecting a dose of 
the radiation incident on said conversion section, 

wherein each of the first semiconductor conversion element and the 
second semiconductor conversion element has a semiconductor layer which has 
originally been formed on a common layer on the substrate, and 

wherein said second semiconductor conversion element has a structure of 
a field effect transistor. 

' 2. (previously presented): The apparatus according to claim 1, characterized in 
that said switch element has a semiconductor layer thinner than said 
semiconductor layers of said first and second semiconductor conversion elements. 

3. (canceled) 
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* 4. (canceled) 

5. (canceled) 

6. (original): The apparatus according to claim 1, characterized by further 
comprising a wavelength conversion member which is arranged above said first 
and second semiconductor conversion elements to convert a wavelength of the 
radiation that becomes incident. 

7. (original): The apparatus according to claim 1, characterized in that said first 
and second semiconductor conversion elements are stacked above said switch 
element. 

•■ 8. (previously amended): The apparatus according to claim 1, characterized by 
,' further comprising a bias line which is connected to a first electrode arranged for 
said first semiconductor conversion element. 

9. (original): The apparatus according to claim 1, characterized in that said 
switch element comprises a thin film transistor. 

10. (original): The apparatus according to claim 1, characterized in that said 
second semiconductor conversion element detects the total dose of the radiation. 

11. (previously presented): The apparatus according to claim 8, characterized in 
that 

3 
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said first semiconductor conversion element and said switch element are 
arranged in a matrix on said substrate, 

the first electrode is connected to one of a plurality of bias lines arranged 
in parallel, and 

a second electrode is connected to the bias line to which the first electrode 
of said first semiconductor conversion element adjacent to said second 
semiconductor conversion element is connected. 



(^12y(previously presented): A radiation image sensing apparatus for sensing a 
radiation by a sensing unit and outputting an electric signal corresponding to the 
sensed radiation, wherein said sensing unit comprising: 
a substrate; 

a conversion section arranged on said substrate and, configured to have a 
first semiconductor conversion element for converting the radiation into an 
electrical signal and a switch element connected to the first semiconductor 
conversion element, for switching the electrical signal; and 

a second semiconductor conversion element arranged on said substrate, 
: configured to convert the radiation into an electrical signal for detecting a dose of 
the radiation incident on said conversion section, 



each of the first semiconductor conversion element and the second 
semiconductor conversion element has a semiconductor layer which has 
originally been formed on a common layer on the substrate, 

there exist a first pixel which includes said first semiconductor 
conversion element and said second semiconductor conversion element 




wherein: 
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and a second pixel which includes said first semiconductor conversion 
element and no second semiconductor conversion element, 

an area of the first pixel is substantially equal to that of the second 
pixel, and 

a light-receiving area of said first semiconductor conversion 
element in the first pixel is smaller than that of said first semiconductor 
conversion element in the second pixel. 

13. (original): The apparatus according to claim 12, characterized in that 

a plurality of said second semiconductor conversion elements are placed in 
said conversion section, and 

when an array of the first and second pixels which are arranged in a 
direction in which the bias line runs is defined as a row, and an array of the first 
and second pixels which are arranged in a direction perpendicular to the row is 
defined as a column, at least some of said plurality of second semiconductor 
conversion elements are formed in a plurality of second pixels which constitutes 
the same row or column. 

14. (previously presented): The apparatus according to claim 8, characterized in 
that said second semiconductor conversion element has a structure of a field effect 
transistor which uses a second electrode as one of source and drain electrodes. 

15. (original): The apparatus according to claim 14, characterized in that at least 
one electrode selected from the group consisting of the other of the source and 
drain electrode of said second semiconductor conversion element and a control 
electrode is connected between a plurality of second pixels. 

5 
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16. (canceled) 

17. (canceled) 

18. (original): The apparatus according to claim 8, characterized in that the 
second electrode has a transparent electrode film which comes into contact with 
the bias line. 

19. (original) The apparatus according to claim 8, characterized in that said 
second semiconductor conversion element has an ohmic contact layer which 
comes into contact with the bias line as the second electrode. 

* 

; 20. (canceled) 

21. (original): The apparatus according to claim 8, characterized in that the first 
electrode has a transparent electrode film which comes into contact with the bias 
line. 

t 22. (original): The apparatus according to claim 8, characterized in that said first 

semiconductor conversion element has an ohmic contact layer which comes into 
• contact with the bias line as the first electrode. 

23. (canceled) 

24. (canceled) 
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25. (canceled) 

26. (canceled) 

27. (canceled) 

28. (canceled) 

29. (canceled) 

30. (canceled) 

.31. (previously presented): The apparatus according to claim 12, characterized 
in that said first and second semiconductor conversion elements are arranged over 
said switch element. 

32. (canceled) 
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Amendment Under 37 C.F.R. § 1.312 



REMARKS 

Applicants thank the Examiner for the telephonic interview on August 30, 
2006. In that interview, the undersigned informed the Examiner that (1) during 
prosecution, Applicants had inadvertently stated that allowed claims 23, 28-30 and 32 
read on the elected species when it appears that they in fact do not; and (2) these claims 
do not depend from an allowed generic claim. The Examiner noted the undersigned's 
comments. The Examiner stated, however, that he had considered these claims before 
allowing the application, that he was satisfied with the record as is, and that therefore, he 
would take no further action with respect to this application. While Applicants appreciate 
the Examiner's decision, they do not wish to accept claims that they may not be entitled 
to. Therefore, by this paper, Applicants have canceled claims 23, 28-30 and 32. No 
other changes are made by this paper. 

THE COMMISSIONER IS HEREBY AUTHORIZED TO CHARGE ANY ADDITIONAL 
FEES WHICH MAY BE REQUIRED FOR THE TIMELY CONSIDERATION OF THIS 
AMENDMENT UNDER 37 C.F.R. §§1.16 AND 1.17, OR CREDIT ANY OVERPAYMENT 
TO DEPOSIT ACCOUNT NO. 13-4500 , ORDER NO. 1232-5125 . 



Respectfully submitted, 
MORGAN & FINNEGAN, L.L.P. 

Dated: September 12. 2006 

By: /Ankur Parekh/ 
Ankur Parekh 
Registration No. 56,060 

Correspondence Address : 

MORGAN & FINNEGAN, L.L.P. 
3 World Financial Center 
New York, NY 10281-2101 
(212) 415-8700 Telephone 
(212)415-8701 Facsimile . 
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1. H The amendment filed on 12 September 2006 under 37 CFR 1.312 has been considered, and has been; 

a) entered. 

b) El . entered as directed to matters of form not affecting the scope of the invention. 

c) □ disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee. is paid must be accompanied by a petition under 37 CFR 1 .31 3(c)(1) 
and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) Q entered in part. See explanation below. 

Amendment directed merely to cancellation of claims. See MPEP 614. 19(d)ll. 
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FIG. 12 is an equivalent circuit diagram showing the 
circuit arrangement of a radiation image sensing apparatus 
according to a reference example; 

FIG. 13 is a layout diagram showing the overall arrange- 
ment of the radiation image sensing apparatus according to 
the reference example; 

FIG. 14 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to the reference example, which has neither a monitor 
photoelectric conversion element nor lead interconnections 
therefor; 

FIG. 15 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to the reference example, which has a monitor photoelectric 
conversion element; 

- FIG. 16 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to the reference example, which has lead interconnections 
for a monitor photoelectric conversion element; 

FIG. 17 is a sectional view taken along a line I — I in FIG. 
14; 

FIG. 18 is a layout diagram showing the planar structure 
of a pixel of a radiation image sensing apparatus according 
to the fifth embodiment of the present invention, which has 
a -monitor photoelectric conversion element; 

• FIG. 19 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to the fifth embodiment, which has lead interconnections for 
a'monitor photoelectric conversion "element; 

FIG. 20 is a sectional view taken along a line II — II in 
FIG. 18; 

'FIG. 21 is a schematic view showing the layout of a 
conversion section T and circuit sections around it; 

FIGS. 22A to 22D are sectional views showing steps in 
manufacturing the radiation image sensing apparatus 
according to the fifth embodiment of the present invention; 

FIGS. 23 A to 23 C are sectional views showing steps in 
manufacturing the radiation image sensing apparatus 
according to the fifth embodiment of the present invention, 
which show the steps next to those shown in FIGS. 22 A to 
22D; 

FIG. 24 is a layout diagram showing the overall arrange- 
ment of a radiation image sensing apparatus according to the 
sixth embodiment of the present invention; 

FIG. 25 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to* the sixth embodiment, which has a monitor photoelectric 
conversion element; 

FIG. 26 is a layout diagram showing the planar structure 
of a pixel of the radiation image sensing apparatus according 
to- the sixth embodiment, which has lead interconnections 
for a monitor photoelectric conversion element; 
"FIG. 27 is a sectional view taken along a line III — III in 
TIG. 25; 

FIGS. 28 A to 28D are sectional views showing a method 
of manufacturing the radiation image sensing apparatus 
according to the sixth embodiment of the present invention; 
and 

" FIGS. 29A to 29D are sectional views showing the 
method of manufacturing the radiation image sensing appa- 
ratus according to the sixth embodiment of the present 
invention, which show the steps next to those shown in 
FIGS. 28A to 28D. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now 

5 be described in detail with reference to the drawings. It 
should be noted that the relative arrangement of the com- 
ponents, the numerical expressions and numerical values set 
forth in these embodiments do not limit the scope of the 
present invention unless it is specifically stated otherwise. 

10 The embodiments of the present invention will be 
described below in detail with reference to the accompany- 
ing drawings. A reference example will be described for the 
sake of understanding of the present invention. This refer- 
ence example is based on the description of U.S. Pat. No. 

15 5,448,613 described above. FIG. 12 is an equivalent circuit 
diagram showing the circuit arrangement of a radiation 
image sensing apparatus according to the reference example. 
FIG. 13 is a layout diagram showing the overall arrangement 
of the radiation image sensing apparatus according to the 

20 reference example. FIG. 12 shows an example in which 4 
(rows)x4 (columns) (=a total of 16) pixels are arranged in a 
pixel area. However, the number of pixels is not limited to 
this. 

In the reference example, a combination of an image 

25 sensing photoelectric conversion element (first photoelectric 
conversion element) and a switching thin film transistor 
(TFT) or a combination of an image sensing photoelectric 
conversion element, switching TFT, and monitor photoelec- 
tric conversion element (second photoelectric conversion 

30 element) for AEC is arranged for each pixel. More specifi- 
cally, a pixel on and a th row and bth column from the upper 
side in FIG. 12 nas one image sensing photoelectric con- 
version element Mba and one switching thin film transistor 
Tba (a. b=l, 2, 3, 4). The pixels on the fourth colunm and 

35 the third and fourth rows respectively have monitor photo- 
electric conversion elements MA33 and MA34. The pixels 
on the fourth column and the first and second rows respec- 
tively have lead interconnections for the monitor photoelec- 
tric conversion elements. 

40 The four image sensing photoelectric conversion ele- 
ments arranged on the bth column are connected to a 
common bias line Vsb so that a predetermined bias is 
applied from a common electrode driver circuit 156. The 
gate electrodes (control electrodes) of the four switching 

45 TFTs arranged on the ath row are connected to a common 
gate line Vga so that the gates are ON/OFF -control led by a 
gate driver circuit 152. The source electrodes or drain 
electrodes of the four switching TFTs arranged on the bth 
column are connected to a common signal line Sigb. Signal 

50 lines Sigl to Sig4 are connected to an image sensing signal 
processing circuit 151. Arrays of pixels arranged in the 
direction in which the bias lines run will be referred to as 
"columns". Arrays of pixels arranged in a direction (the 
direction in which gate lines run) perpendicular to the 

55 columns will be referred to as "rows". 

The monitor photoelectric conversion elements MA33 
and MA34 are TFT sensors. Their source electrodes are 
connected to a power supply 153, their drain electrodes are 
connected to a monitor signal processing circuit 154, and 

60 their gate electrodes (control electrodes) are connected to the 
gate driver circuit 152. In a TFT sensor, electrons and holes 
generated in a semiconductor layer when visible light 
becomes incident on it are read in accordance with an 
electric field between the source and the drain. That is, when 

65 a voltage is applied from the power supply 153 to each 
source electrode to apply a potential between the source and 
the drain, electrons and holes generated when the light - 
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version element and the control electrode (the interconnec- 
tion connected to the electrode) of the switch element may 
.be commonly connected, as described in the fifth and sixth 
embodiments. According to this arrangement, the intercon- 
nection structure becomes simpler. In addition, the light- 
receiving areas of both of the first conversion element for 
image reading and the second conversion element for AEC 
and/or radiation monitor can be increased. 

As many apparently widely different embodiments of the 
present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 

What is claimed is: 

1. A radiation image sensing apparatus for sensing a 
radiation by a sensing unit and outputting an electric signal 
corresponding to the sensed radiation, wherein said sensing 
unit comprising: 

a substrate; 

a conversion section arranged on said substrate and, 
configured to have a first semiconductor conversion 

' element for converting the radiation into an electrical 
t • signal and a switch element connected to the first 
semiconductor conversion element, for switching the 
electrical signal; and 

a second semiconductor conversion element arranged on 
said substrate, configured to convert the radiation into 
. . an electrical signal for detecting a dose of the radiation 
incident on said conversion section, 
; wherein each of the first semiconductor conversion ele- 
ment and the second semiconductor conversion ele- 
ment has a semiconductor layer which has originally 
been formed on a common layer on the substrate, and 

wherein said second semiconductor conversion element 
has a structure of a field effect transistor. 

2. The apparatus according to claim 1, characterized in 
that said switch element has a semiconductor layer thinner 
than said semiconductor layers of said first and second 
semiconductor conversion elements. 

3. The apparatus according to claim 1, characterized by 
further comprising a wavelength conversion member which 
is arranged above said first and second semiconductor 
conversion elements to convert a wavelength of the radiation 
that becomes incident. 

4. The apparatus according to claim 1, characterized in 
that said first and second semiconductor conversion ele- 
ments are stacked above said switch element. 

-5. The apparatus according to claim 1, characterized by 
further comprising a bias line which is connected to a first 50 
electrode arranged for said first semiconductor conversion 
element. 

: .6. The apparatus according to claim 5, characterized in 
that 

said first semiconductor conversion element and said 
switch element are arranged in a matrix on said sub- 
strate, 

, a the first electrode is connected to one of a plurality of bias 
•v. lines arranged in parallel, and 

Js'sl second electrode is connected to the bias line to which 
v>< the first electrode of said first semiconductor conver- 
,\ sion element adjacent to said second semiconductor 

. conversion element is connected. 
. 7. The apparatus according to claim 5, characterized in 
that said second semiconductor conversion element has a 
structure of a field effect transistor which uses a second 
electrode as one of source and drain electrodes. 
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8. The apparatus according to claim 7, characterized in 
that at least one electrode selected from the group consisting 
of the other of the source and drain electrode of said second 
semiconductor conversion element and a control electrode is 
connected between a plurality of second pixels. 

9. The apparatus according to claim 5, characterized in 
that the second electrode has a transparent electrode film 
which comes into contact with the bias line. 

10. The apparatus according to claim 5, characterized in 
that said second semiconductor conversion element has an 
ohmic contact layer which comes into contact with the bias 
line as the second electrode. 

11. The apparatus according to claim 5, characterized in 
that the first electrode has a transparent electrode film which 
comes into contact with the bias line. 

12. The apparatus according to claim 5, characterized in 
that said first semiconductor conversion element has an 
ohmic contact layer which comes into contact with the bias 
line as the first electrode. 

13. The apparatus according to claim 1, characterized in 
that said switch element comprises a thin film transistor. 

14. The apparatus according to claim 1, characterized in 
that said second semiconductor conversion element detects 
the total dose of the radiation. 

15. A radiation image sensing apparatus for sensing a 
radiation by a sensing unit and outputting an electric signal 
corresponding to the sensed radiation, wherein said sensing 
unit comprising: 

a substrate; 

a conversion section arranged on said substrate and, 
configured to have a first semiconductor conversion 
element for converting the radiation into an electrical 
signal and a switch element connected to the first 
semiconductor conversion element, for switching the 
electrical signal; and 

a second semiconductor conversion element arranged on 
said substrate, configured to convert the radiation into 
an electrical signal for detecting a dose of the radiation 
incident on said conversion section, 

wherein: 

each of the first semiconductor conversion element and 
the second semiconductor conversion element has a 
semiconductor layer which has originally been 
formed on a common layer on the substrate, 

there exist a first pixel which includes said first semi- 
conductor conversion element and said second semi- 
conductor conversion element and a second pixel 
which includes said first semiconductor conversion 
element and no second semiconductor conversion 
element, 

an area of the first pixel is substantially equal to that of 
the second pixel, and 

a light-receiving area of said first semiconductor con- 
version element in the first pixel is smaller than that 
of said first semiconductor conversion element in the 
second pixel. 

16. The apparatus according to claim 15, characterized in 
that 

a plurality of said second semiconductor conversion ele- 
ments are placed in said conversion section, and 

when an array of the first and second pixels which are 
arranged in a direction in which the bias line runs is 
defined as a row, and an array of the first and second 
pixels which are arranged in a direction perpendicular 
to the row is defined as a column, at least some of said 
plurality of second semiconductor conversion elements 
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. - are formed in a plurality of second pixels which con- 
' *, stitutes the same row or column. 

17. The apparatus according to claim 15, characterized in 
that said first and second semiconductor conversion ele- 
ments are arranged over said switch element. $ 

18. A radiation image sensing apparatus for sensing a 
.radiation by a sensing unit and outputting an electric signal 
corresponding to the sensed radiation, wherein said sensing 
unit comprising: 

5 a substrate; 10 
a conversion section arranged on said substrate, config- 
ured to have a first photoconductive element, a capaci - 
tive element connected to the first photoconductive 
\ element, and a switch element connected to the capaci- 
tive element; and 15 
a second photoconductive element arranged on said sub- 
. strate, configured to convert the radiation incident on 
*J said conversion section into an electrical signal for 
- • , detecting a dose of the radiation, 
. wherein each of the first photoconductive element and the 20 
second photoconductive element has a semiconductor 
layer which has originally been formed on a common 
layer on the substrate; and 
wherein said second photoconductive element has a struc- 
ture of a field effect transistor. 25 

19. The apparatus according to claim 18, characterized in 
that said first and second photoconductive elements are 
arranged over said switch element. 

20. A radiation image sensing apparatus for sensing a 
radiation by a sensing unit and outputting an electric signal 30 
corresponding to the sensed radiation, wherein said sensing 
unit comprising: 

a substrate; 

a conversion section arranged on said substrate, config- 
ured to have a first photoconductive element, a capaci- 35 
tive element connected to the first photoconductive 
element, and a switch element connected to the capaci - 

. tive element; and 
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a second photoconductive element arranged on said sub- 
strate, configured to convert the radiation incident on 
said conversion section into an electrical signal for 
detecting a dose of the radiation, 

wherein: 

each of the first photoconductive element and the 
second photoconductive element has a semiconduc- 
tor layer which has originally been formed on a 
common layer on the substrate, 

there exists a first pixel which includes said first 
photoconductive element and said second photocon- 
ductive element and a second pixel which includes 
said first photoconductive element and no second 
photoconductive element, 

an area of the first pixel is substantially equal to that of 
the second pixel, and 

a light-receiving area of said first photoconductive 
element in the first pixel is smaller than that of said 
first photoconductive element in the second pixel. 

21. The apparatus according to claim 20, characterized in 
that a plurality of said second photoconductive elements are 
placed in said conversion section, and 

when an array of the first and second pixels which are 
arranged in a direction in which a bias line runs is 
defined as a row, and an array of the first and second 
pixels which are arranged in a direction perpendicular 
to the row is defined as a column, at least some of said 
plurality of second photoconductive elements are 
formed in a plurality of second pixels which constitutes 
the same row or column. 

22. The apparatus according to claim 20, characterized in 
that said first and second photoconductive elements are 
arranged over said switch element. 

***** 
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